INTRODUCTION
The rapidly increasing global population, urbanization and industrialization have resulted in growing energy demands and a consequent increase in greenhouse gas (GHG) emissions. In 2010 GHG emissions reached approximately 49±4.5 GtCO 2eq /yr, of which 78% was CO 2 . This is the highest value in human history (IPCC, 2014) . The rising GHG emissions are coupled with increasing demand of energy. In 2012, world energy consumption was estimated to be ca. 557 EJ/yr, with 10% originating from biofuels and waste (IEA, 2014) . By 2050 the world's energy demand is expected to rise to 600-1000 EJ/yr; sustainable biomass utilization can provide 200-500 EJ/yr (IEA Bioenergy, 2009) . A recent analysis of current polices and future development trends predicted bioenergy share of 40-110 EJ/yr in 2050 (Searle and Malins, 2015) , which is lower than the potential estimated by IEA. In the future energy market, to meet the GHG mitigation challenge, it is crucial to increase the contribution of biofuels. Between 2011 and 2035, biofuels share in the road-transportation fuel is projected to rise from 3% to 8% worldwide (IEA, 2013) . Moreover, as biofuels like cellulosic ethanol and biogas are still at a development or pilot stage (IEA, 2013) , it is expected that they have a larger potential to increase biofuel supply and reduce the sustainability concerns of biofuels.
Some countries, such as the USA, Europe, and China, have initiated research and development programs in biofuels, a sustainable and renewable energy resource that can provide liquid transportation fuels. The USA has targeted a production of 36 billion gallons of biofuel by 2022 of which 58% may be produced from second generation biofuels (EISA, 2007) . The European Council's (March, 2007) , target for the European Union is that 10% of all diesel and gasoline transport fuel may be produced from sustainable second generation biofuels (CEU, 2007 ). China's annual production target of bioethanol, as outlined in "The Medium and Long-Term Development Program for Renewable Energy" of 2007, is 10 million tons by 2020 (Qiu et al., 2012) . The UAE has committed to obtaining 7% of its installed power from renewable sources by 2020 (Emirates News Agency, 2009) . However, concerns about use of arable land and cost of food commodities are motivating factors for supporting the production of lignocellulosic biofuels. Replacing biofuels made from commodities that can also be used to produce food with cellulosic biofuels, would likely lead to lower food prices. Given the wide availability of potential lignocellulosic feedstock, it is possible to envision a future in which gasoline and diesel are partially replaced by a second generation biofuels. Searle and Malins (2015) predicted a potential biofuel production of 10-20 EJ/yr by 2050.
Several studies have estimated a bioenergy potential for countries rich in agricultural and forest residues, like USA, Britain, South Africa, India, China, and Pakistan (Blanchard et al., 2015; Butt et al., 2013; Hiloidhari et al., 2014; Ji, 2015; Tan et al., 2012) . Utilization of single biomass for the production of biofuels has been demonstrated on a large scale with large capacities coming online. For example, DuPont's $225 million cellulosic ethanol plant in Nevda, Iowa opened on October 30, 2015. It is the largest cellulosic ethanol facility in the world and is expected to produce 30 million gallons of cellulosic ethanol per year from 375,000 dry tons of corn stover (DuPont, 2015a) . The process uses mild ammonia pre-treatment which is suitable for corn stover and Zymomonas mobilis fermentation; both these technologies were optimized with collaboration between DuPont and NREL (US DOE, 2015) . Quad County Corn Processors are producing 4 million gallons of cellulosic ethanol from corn grain leftovers using DuPont OPTIMASH™ enzyme (DuPont, 2015b). Inbicon and Dong Energy demonstration plant in Kalundborg, Denmark produces cellulosic ethanol from wheat straw. It has been in operation since 2009 and operates at 4.4 tons per hour capacity and produces 5.4 million gallons of ethanol and 14,330 tons of lignin pellets annually (Inbicon, 2015) . Maabjerg Energy Contre (MEC) has announced the largest cellulosic ethanol facility in Maabjerg, Denmark starting production in 2018. The plant will produce 80 million gallons of ethanol, 50 million cubic feet of biogas, and electricity for 25,000 households from 330,700 tons of wheat straw (MEC, 2015) .
Envisioning a biorefinery in the UAE begins with the challenge of securing a sustainable supply of biomass feedstock. The UAE has a different biomass spectrum due to its geographical characteristics, as most of its land is arid with desert plants. The first step is to identify and analyze the indigenous biomass resources for bioenergy potential. A brief introduction of some of the abundant biomass species is given below.
Marine habitats have potential for bioenergy production, using seawater for crops production along the coastal deserts may eventually provide 130 million ha of new cropland (Lu et al., 2010) . The UAE's 650 kilometers of coastline is abundant in sea grasses and macroalgae. In addition to marine habitats, land near coastlines is suitable for salt tolerant halophytes crops. These crops do not require fresh-water and fertile soil (Rozema and Flowers, 2008) and have been planted in the UAE as integrated seawater agriculture/aquaculture to produce biofuels (ICBA, 2011) (El-Juhany, 2010) . Each date palm tree produces 10-30 dried leaves annually and an average of 2-3 kilograms of naturally dried leaf (including leaflets and rachis) (Mallaki and Fatehi, 2014) . Hence, each date palm tree is estimated to yield 50 kg leaf residues annually. Therefore, the annual yield of lignocellulosic feedstock from date palm leaf residues might reach over 2 million tons. Besides, the UAE produces 1.79 million tons of agricultural waste (excluding date palm) being only 10% is recycled (National Bureau of Statistics, 2013a). Accordingly, there is a strong potential for bioenergy production using these wastes. Further sources of lignocellulosic are Bermuda grass, Jasmine hedges, Avicennia marina, and Moringa peregrine. Bermuda grass and Jasmine hedges are commonly grown in landscapes, gardens, and parks and produce a regular stream of agriculture waste due to trimmings. M. peregrina is a native and naturalized plant in the UAE (Shahin et al., 2014) and is also suitable for landscaping." A. marina (commonly known as grey mangrove), prevails in the UAE coastal area (Shriadah, 1999) .
UAE has a daily per capita municipal solid waste of 1.9 kg/day, which is one of the highest in the world (National Bureau of Statistics, 2013a Statistics, , 2011 . In the UAE, 5.89 million tons of municipal solid waste is produced, being 20% recycled while the remaining fraction is sent for landfill. In this context, the organic fraction of the municipal solid waste (OFMSW) can be used for biofuel production. Livestock in the UAE is one of the most important agricultural activities, livestock farming being expected to increase the output in coming years and leading to higher production of animal dung (National Bureau of Statistics, 2013b). Accordingly, it is important to provide possible options to utilize dung, otherwise it becomes a nuisance. Bioenergy derived from camel, sheep, goat and cattle manure is included in the study.
In this study the local biomass of UAE (halophytes, sea grasses, macroalgae, lignocellulosics, and municipal and animal waste) is assessed, at a chemical level, to evaluate its potential for bioenergy production.
MATERIALS AND METHODS

Raw material
S. bigelovii was cultivated by International Center for Biosaline Agriculture (ICBA), using seeds provided by Masdar Institute for the ISEAS project (ICBA, 2011) . Native strains of S. sinus-persica were collected from Umm Al Quwain, UAE shores. The GPS coordinates and time of sample collected are given in Table 1 . The collected samples were washed with tap water to remove salt deposits on the surface of biomass. S. sinus-persica samples were pressed to obtain the juice and pulp fraction. Juice was stored at -18°C until use. Pulp or fiber fractions of both raw and washed samples were dried, finely crushed and stored in air tight bags until use.
Seagrasses (H. Uninervis, H. Stipulacea, and H. Ovalis) and macroalgae (Ulva Sp., P. boergesenii, and C. sinuosa) samples were collected from Abu Dhabi shores. The fractions of date palm residues (leaflets, rachis, fruit stalks and trunks) were collected (location) in Abu Dhabi, UAE. Bermuda grass and Jasmine hedges samples were collected from a roadside landscape of Zayed Sports City area in Abu Dhabi, UAE. M. peregrine samples were collected in Sharjah. A. marina was collected from Eastern mangroves area in Abu Dhabi. The samples were air dried and crushed to obtain particle sizes lower than 2 mm and then stored in air tight bags until further use.
A model organic municipal solid waste (mOFMSW), as previously defined in Nwobi et al. (2014) , was prepared artificially by mixing following components: 11% rice, 5% pasta, 7% potatoes, 2% corn, 4% bread, 1% pineapple, 1% apple, 1% carrot, 2% cucumber, 3% lemon, 1% pawpaw, 6% tomatoes, 3% pickles, 6% meat, 14% fish, 6% dairy, 2% cabbage, 2% lettuce, 2% okra, 2% eggplant, 2% cauliflower, 2% broccoli, 13% vegetable oil, 1% newspaper, 0.6% cardboard, and 0.4% paper. Model waste mOFMSW was kept at 4 °C until use. Animal manure (cattle, camel, sheep and goat) were collected fresh from Al Mina Automated Slaughter House in Abu Dhabi and was stored at 4°C until use.
Composition analysis
To determine total solid (dry matter DM) and ash contents, biomass were dried at 105 and 575 °C overnight, respectively (Sluiter et al., 2008a (Sluiter et al., , 2008b ). The compositional analysis followed (Sluiter et al. 2008 (Sluiter et al. , 2011 . Non-structural components were measured using water and ethanol extraction, using a Soxhlet apparatus. About 5 g of biomass was loaded into a cellulose thimble and subjected to 10 hours of extraction with 200 g of water (with 3-4 siphon cycles per hour) and 10 hours extraction with 200 g of ethanol (5-6 siphon cycles per hour). Siphon cycles were maintained by boiling off water/ethanol using heating mantle (Electrothermal EM 0500) and while maintaining condenser temperature at 15°C by circulating refrigerated water from WiseCircu® (WCR-P8) water bath. Extractivesfree biomass was dried in an oven at 105°C overnight. Total extractives and non-volatile water/ethanol extractives were calculated according to Eq. 1 and 2, respectively.
(1)
Analysis of structural carbohydrates and Klason (acid insoluble) lignin was carried out applying a strong acid hydrolysis. About 0.3 g of dried extractive free sample and 3 mL of 72% sulfuric acid was added in four 120 mL pressure tubes. Tubes were incubated in a water batch at 30 °C for 1 h, then 84 mL of Millipore water was added. The tubes were autoclaved for 60 ± 5 minutes at 121°C. Samples were then filtered and the filtrate was analyzed in high performance liquid chromatography (Agilent 1260 Infinity Bio-inert Binary LC). The Hi Plex-H column (Agilent) and refractive index detector (RID) were used to determine the concentrations of glucose, xylose and arabinose, at 65 °C, using 0.005 M H 2 SO 4 , as the mobile phase (eluent), with a flow rate of 0.6 mL/min. The 
Protein content was measured through elemental analysis, using a Nitrogen Factor of 6.25 (Hames et al., 2008) . All compositional values were reported in g/100g of DM, while 100 minus sum of all measured composition was reported as residue.
Bioethanol potential
Estimation of ethanol potentials was carried out, following Eq. 6, as described in Thomsen et al. (2014a) ; it was based on the carbohydrates content in the biomass. Two stoichiometric factors were taken into account; a hydrolysis factor (β hydrolysis ), which describes the hydrolysis of carbohydrate polymers (glucan and xylan) into free sugars, and an ethanol factor (β fermentation ), which describes the mass fraction of sugar monomer converted to ethanol. Using the stoichiometric factors for each of the biomass constituents of the residue and density of ethanol (ρ EtOH =789 kg/m 3 ), the bioethanol potentials were calculated. 
The stoichiometric factors used for calculating bioethanol potential are shown in Table 2 .
Biomethane potential
Biogas production by anaerobic digestion was estimated by the Buswell's formula, Eq. 7 (Symons and Buswell, 1933) , which was developed for carbohydrates degradation in anaerobic digestion. This formula can be used to predict theoretical biomethane potential of lignocellulosic biomass, using the chemical composition of degradable carbohydrate fractions, like cellulose, hemicellulose, and lipids while non-degradable lignin can be neglected.
Biomethane production from protein can be estimated, considering that nitrogen is converted to ammonia, Eq. 8, (Angelidaki and Ellegaard, 2003) . 
In this study, theoretical maximum biomethane potential (mBMP L CH4/kg VS biomass) followed Buswell's formula, Eq. 7 and 8. For lignocellulosic species, near actual biomethane potential (pBMP L CH4/kg VS biomass) followed Thomsen et al. (2014b) 
RESULTS AND DISCUSSION
Compositional analysis of biomass from different sources showed a wide diversity in the structural components, Table 3 . Date palm fruit stalks and rachis showed a glucan content of 41.2 ± 1.0 and 35.6 ± 3.9 g/100g DM, being this values the highest among the samples of the lignocellulosic biomass analyzed. All date palm fractions had a lignin content higher than 25 g/100g DM, while for the rest of lignocellulosics the content ranged between 13.5 and 16.8 g/100g DM. This pattern indicated that the (Lu et al., 2010) , b (Arhab et al., 2006) than 100 kg ethanol/t dry biomass (Pulp and Juice from S. sinus-persica (unwashed and washed), mangrove leaves, H. Uninervis, H. Ovalis, Ulva Sp., P. boergesenii, C. sinuosa, and dung from sheep, goat and cattle). Contributions of xylose and arabinose to bioethanol potential of most biomass and fractions were less than 50%, except pulp of unwashed and washed S. sinus-persica, unwashed and washed S. bigelovii, Ulva Sp., and mangroves stems and leaves.
The assessed biomass includes lignocellulose (date palm residues, Moringa peregrina, Bermuda grass, Jasmine hedges and mangroves), halophytes (S. sinus-persica, S. bigelovii, H. Uninervis, H. Stipulacea, and H. Ovalis,) , macroalgae (Ulva Sp., P. boergesenii, and C. sinuosa) , and municipal and animal waste (OFMSW, and dung from sheep, goat, cattle and camel) biomass with a wide spectrum of carbohydrates content, which, consequently, generates a wide spectrum of bioethanol potential. Following a general perspective, the order of bioethanol potential is the following: lignocellulose (trees) > washed halophytes (pulp) > lignocellulose (grass and hedges) > municipal and animal waste > unwashed halophytes > macroalgae (Fig. 1) . Rachis or stems tends to have more bioethanol potential than leaves, as for date palm and Mangroves. Pulp of halophytes tends to have more bioethanol potential than juice, regarding S. sinus-persica.
The UAE has the largest number of date palms for any single country in the world, producing around 2 million tons of residues annually. The abundance of biomass and the highest bioethanol potential indicate that date palm is a good lignocellulosic biomass for bioethanol production. S. bigolovii is currently grown in the Middle East, for fodder for lamb, sheep and goats, which have the ability to tolerate high-sodium diet. Cybulska et al. (2013) reported that the washed feedstock after hydrothermal pretreatment, produced highly digestible (up to 92% glucan-to-glucose conversion) and fermentable (up to 100% glucose-to-ethanol conversion) fiber fractions, which is indicating that S. bigolovii might also be a promising halophilic biomass for bioethanol production. However, fresh water wash is required prior to any processing to remove the salt deposits , limiting its application prospective. The macroalgae, considered as a third generation biomass for bioethanol production (Singh et al., 2011) , has high productivity per unit area per year, and there is no competition with arable lands. The lower lignin content of macroalgae makes effective pretreatment possible at relatively milder conditions of temperature and have higher yields from the enzymatic hydrolysis of macroalgae cellulose (John et al., 2011) . These advantages suggest that macroalgae could also be another promising biomass for bioethanol production in the UAE, despite of the low bioethanol potential. Besides, OFMSW has a comparable high bioethanol potential with lignocellulosic biomass. Moreover, the biorefinery of OFMSW to produce biofuels, not only minimizes the risk to human health, but reduces environmental burden (Khalid et al., 2011) . Thus, it is thought to be one of the most promising and sustainable way of valorization of MSW (Shi et al., 2009) . Management practices for dung, generated by livestock, primarily consists of stockpiling (dry pad and lagoon) and application to soils, either directly and/or following composting. However, issues associated with microbial/nutrient runoff and contamination of surface and groundwater, high nitrogen and phosphorous soil loads, odour and generation of GHG, such as methane and nitrous oxide, diminish their environmental, health and economic appeal (Vancov et al., 2015) . However, manure is one of the good sources of biogas production by codigestion with other biomass (Angelidaki and Ellegaard, 2003) .
Theoretical biomethane potential mBMP for lignocellulosic ( Fig. 2) ranged from 72 to 288 L CH 4 /kg VS biomass. Among lignocellulosics, date palm fruit stalk and rachis, Biomethane from wastes is an environmentally friendly method of waste management. Biomethane from camel dung seems to have a promising scope, due to large population of camels in the UAE (about 392,667 heads, counted in 2013 (National Bureau of Statistics, 2013b), and high biomethane potential among other animal manure waste. Bermuda grass and Jasmine hedges generate a regular stream of waste due to trimming and maintenance of landscape and gardens. Per capita municipal waste in the UAE is one of the highest in the world (National Bureau of Statistics, 2013a Statistics, , 2011 . Biomethane potential mBMP of these biomass is 140-165 L CH 4 /kg VS, which shows a capacity for being an alternative of biomethane production rather than waste management by landfill. Animal manure from farms can be mixed with these wastes to further improve the methane potential (Angelidaki and Ellegaard, 2003 ). This will not only improve the economic cost of waste management, but also be beneficial by mitigating the harmful effect of anthropogenic methane production for landfills.
CONCLUSIONS
Biomass analyzed showed promising results for bioenergy production in UAE. Lignocellulosic biomass was the most potential candidate of bioethanol production followed by green biomass and macroalgae, while wastes provide the least bioethanol potential. For biomethane production washed S. bigelovii was the top contender followed by lignocellulosics, OFMSW and camel manure. Significant differences of bioenergy potential were observed between fractions of the same biomass type.
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